Objective-To describe national trends in discretionary calories from sugar sweetened beverage (SSB) and snacks by age-specific body weight categories and by age-and weight-specific race/ ethnicity groups. Examining these sub-populations is important as population averages may mask important differences. Results-The number of calories from SSBs declined significantly for nearly all age-specific body weight groups. Among overweight or obese children, significant declines in the number of calories from SSBs were observed among Hispanic children aged 2 to 5 (117 kcal vs. 174 kcal) and white adolescents aged 12 to 19 (299 kcal vs. 365 kcal). Significant declines in the number of calories from salty snacks were observed among white children aged 2 to 5 (192 kcal to 134 kcal) and 6 to 11 (273 kcal vs. 200 kcal).
Introduction
Discretionary calories from sugar-sweetened beverages (SSB) and snacks make up a considerable portion of children's diet. This consumption has been linked to increased body Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research, subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms weight (1, 2) , nutrition-related diseases such as type 2 diabetes (3), and other negative health consequences (e.g., dental decay) (4) . American youth consume roughly 150 calories daily from SSBs (or 8 percent of daily intake) (5) which is equivalent to about one 12 ounce can of soda. This intake rate is higher than the American Heart Association recommendation of no more than 450 calories (36 ounces) per week from SSBs (based on a 2000 calorie per day diet) and inconsistent with the 2010 Dietary Guidelines for Americans which recommends reducing SSB consumption to achieve a healthy diet (6) . While still high (5) , consumption of SSBs appears to be declining among children for the first time in decades (7) (8) (9) . The most recent estimates of youth snack consumption (among children ages 2 to 18), compare data from 1989 to 2006, and find that consumption increased significantly from 22% to 27% of daily calories over the period (10) . That study examined the following sweet (cakes, cookies, pies, bars, ice cream, and gelatin desserts) and salty (crackers, chips, popcorn, and pretzels) snacks.
Prior studies identifying declines in SSB consumption or increases in snack consumption examine differences by sex, age, or race-ethnicity groups, but do not consider differences by body weight category or by body weight category and race/ethnicity. Because population averages may mask important differences among sub-populations, it is possible that the observed changes in SSB or snack consumption are not uniformly occurring among healthy weight and overweight children or among specific race/ethnicity groups, as they have demonstrated marked differences in consumption of calories from SSBs and snacks in earlier studies among children ages 2 to 19 (9) (10) (11) . Understanding differences among these sub-populations is also important given that obesity prevalence and many of its risk factors (e.g., type 2 diabetes, hypertension) are considerably higher among blacks and Hispanics compared to whites (12, 13) . Even though obesity appears to be leveling, these signs of progress are absent for the black and Hispanic populations (12) . In addition, it is unknown whether snack consumption has begun to decline similar to the observed trends in SSBs. Upto-date trends in consumption of discretionary calories from SSBs and snacks which examine differences by youth body weight overall and among specific race/ethnicity groups are critical for identifying concrete and appropriately tailored behavioral targets for children who could benefit most from interventions. Knowledge in this area may also inform public health and clinical interventions designed to reduce consumption of these discretionary calories from SSBs and snacks.
The primary purpose of this study is to describe national trends in consumption of discretionary calories from SSBs and snacks by age-specific body weight categories among children ages 2 to 19. We additionally examined variations in these national trends by ageand weight-specific race/ethnicity groups.
population-based survey designed to collect information on the health and nutrition of the U.S. population. Participants were selected based on a multi-stage, clustered, probability sampling strategy. Our analysis combined the continuous NHANES data collection (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) to look at overall trends during that time period (comparing 2003 to 2006 with 2007  to 2010) . A complete description of data-collection procedures and analytic guidelines are available elsewhere (www.cdc.gov/nchs/nhanes.htm).
Study Sample
The study sample consists of children with completed 24-hour dietary recalls. Survey respondents were excluded if they had diabetes (n=60) or were pregnant (n=105) at the time of data collection or if their dietary recall was incomplete or unreliable (as determined by the NHANES staff). The final analytical sample included 14,092 children aged 2 to 19, who were divided into three groups.
Measures
Beverages and Snacks-Survey respondents self-reported all food and beverages consumed in a prior 24-hour period (midnight to midnight) and reported type, quantity and time of each food and beverage consumption occasion. The main meal planner/preparer was asked to report intake information for any children under the age of 12. Following the dietary interview, all reported food and beverage items were systemically coded using the U.S. Department of Agriculture (USDA) Food and Nutrient Database. Caloric content and other nutrients derived from each consumed food or beverage item were calculated based on the quantity of food and beverages reported and the corresponding nutrient contents by the National Center for Health Statistics (NCHS).
We identified SSBs (from 162 beverage items) including the following drink types: soda, sport drinks, fruit drinks and punches, low-calorie drinks, sweetened tea, and other sweetened beverages. See Appendix A for more details.
We based our categorization of snacks off of a modified version of the University of North Carolina-Chapel Hill food grouping system, described in detail elsewhere (14) and used in prior publications examining trends in snacking (10) . We identified two mutually exclusive snack categories in the NHANES 2003-2010 (from 772 snack items): 1) salty snacks (including hush puppies, all type of chips, popcorn, pretzels, party mixes, french fries, and potato skins (76 items) and 2) sweet snacks, including ice cream, other desserts (custards, puddings, mousse, etc.), sweet rolls, cakes, pastries (crepes, cream puffs, strudels, croissants, muffins, sweet breads, etc.), cookies, pies, candy (696 items). The sweet snack category did not include solid foods with naturally occurring sugar such as fruit. See Appendix B for more details.
Throughout, discretionary refers to calories from the SSBs and snacks described above and non-discretionary refers to calories from all other sources.
Body Weight Status-In the NHANES, weight and height were measured using standard procedures in a mobile examination center. Weight categories were based on BMI-for-age percentiles where healthy weight was the 5th percentile to less than the 85th percentile; overweight was the 85th percentile to less than the 95th percentile; and obese is equal to or greater than the 95th percentile. (15) Other Measures-Sociodemographic measures were categorized as follows: age (2-5 years, 6-11 years, 12-19 years), sex (male, female), race/ethnicity (non-Hispanic white, nonHispanic black, Hispanic, non-Hispanic other), and household income. Household income was based on the poverty income ratio (PIR) -the ratio of self-reported household income to a family's appropriate poverty threshold. We dichotomized the PIR into lower and higher income groups based on eligibility for food assistance programs (i.e. ≤ 130% of the poverty level).
Analysis
All analyses were weighted to be representative of the general population and conducted using STATA, version 12 (StataCorp, L.P., College Station, TX) to account for the complex sampling structure, and the day of the week the dietary recall was collected. For each of the outcome variables -percent drinkers/snackers and energy intake (overall, and from SSBs, sweet snacks, and salty snacks) -multiple regressions were used to adjust for potential differences in sociodemographic characteristics. For the binary outcomes (percent drinkers/ snackers), we used Logit models. For continuous outcomes (calories from sweet snack, salty snacks, and total calories), we used ordinary least squares models. We stratified all analyses by age group and used the same analytic approach for each. First, to examine time and weight trends, we included an interaction term between weight status (healthy vs. overweight/obese) and time period (2003-2006 vs. 2007-2010) . Second, to identify subpopulation trends, we stratified these models by race/ethnicity as well as age. In all models significance was determined at p < 0.05. Using post-estimation commands, we calculated the predicted percent of SSB drinkers and sweet/salty snackers as well as the predicted number of calories for energy intake overall, from SSBs, sweet snacks, and salty snacks, among consumers. Consumers refer to those individuals who reported intake of the SSB or snack on the prior day. The analysis of calories was restricted to those who consumed any SSBs (to estimate calories from SSBs), to those who consumed salty snacks (to estimate calories from salty snacks), and to those who consumed sweet snacks (to estimate calories from sweet snacks).
Results
The characteristics of the NHANES 2003-2010 sample are presented in Table 1 , by age group and body weight category. Table 2 reports typical daily consumption of SSBs and snacks among children who consumed those items by age-specific body weight categories. Overall, the number of calories from SSBs declined significantly over the study period for all ages and each body weight category with the exception of overweight and obese children aged 6 to 11 (age 2 to 5 -healthy weight: 163 kcal vs. 127 kcal, overweight/obese: 189 kcal vs. 139 kcal; age 6 to 11 -healthy weight: 203 kcal vs. 176 kcal; aged 12 to 19 -healthy weight: 337 kcal vs. 298 kcal, overweight/obese: 347 kcal vs. 290 kcal). Each of the groups which experienced significant declines in SSB calories also demonstrated significant declines in total caloric intake. Among children 6 to 11, the number of calories from SSBs consumed by those who were overweight or obese was significantly higher at each time point than the number of calories from SSBs consumed by healthy weight children (2003 -2006 : 234 kcal vs. 203 kcal; 2007 -2010: 220 kcal vs. 176 kcal). The percentage of SSB drinkers declined over the study period among one group -overweight and obese adolescents aged 12 to 19 (82% vs. 76%). Also among overweight and obese adolescents, the percentage consuming sweet snacks declined significantly over the study period (59% vs. 50%) and was significantly lower than the healthy weight adolescents in both time periods (2003 -2006 : 59% vs. 65%; 2007 -2010: 50% vs. 64%). Overweight and obese adolescents were also the only group to demonstrate significant declines in total caloric intake overtime (2119 kcal vs. 1964 kcal) and as compared to their healthy weight counterparts in the most recent survey year (1964 kcal vs. 2245 kcal). We observed no significant declines in calories from salty and sweet snacks over the period; however in the most recent survey year, overweight/obese adolescents consumed significantly fewer calories from salty snacks than healthy weight adolescents (253 kcal vs. 295 kcal).
Trends in SSB and snack consumption among consumers by age-specific body weight category
Trends in SSB and snack consumption among consumers by age, body weight category and race/ethnicity Table 3 reports typical daily consumption of SSBs and snacks among children who consumed those items by age-and body weight-specific race/ethnicity groups. Declines in the number of calories from SSBs observed in Table 2 differed considerably among the race/ ethnicity sub-populations. Among children aged 2 to 5, significant declines in the number of calories from SSBs were observed among white (159 kcal vs. 124 kcal) and Hispanic (179 kcal vs. 128 kcal) children at a healthy weight and Hispanic children who were overweight or obese (174 kcal vs. 117 kcal). Among children aged 6 to 11, significant declines in the number of calories from SSBs were observed among white children at a healthy weight (208 kcal vs. 172 kcal). Among adolescents aged 12 to 19, declines in the number of calories from SSBs were observed among black children at a healthy weight (342 vs. 264 kcal) and white children who were overweight and obese (365 kcal vs. 299 kcal).
While no differences in calories consumed from salty and sweet snacks were observed in Table 2 , we did observe a few notable trends in Table 3 after further stratifying by race/ ethnicity. Among white children aged 2 to 5 and 6 to 11 who were overweight/obese, calories from salty snacks declined significantly (age 2 to 5: 192 kcal vs. 134 kcal; aged 6 to 11: 273 kcal vs. 200 kcal). Among black children aged 12 to 19 who were at a healthy weight, calories from salty snacks also declined significantly (343 kcal vs. 283 kcal). With respect to sweet snacks, significant declines in calories consumed were observed among white children aged 2 to 5 who were at a healthy weight (217 kcal vs. 184 kcal).
Trends in per capita discretionary versus non-discretionary calories by age and body weight category Figure 1 illustrates trends in per capita consumption of discretionary versus nondiscretionary calories by age-and body weight-specific categories. The discretionary category combines calories from SSBs, salty snacks and sweet snacks. The nondiscretionary category is all other calories. Together they are equivalent to total caloric intake, which declined significantly for all groups except children aged 6 to 11 at a healthy weight (Table 2 ). Significant declines in discretionary calories from SSBs and snacks were observed for the following groups: children aged 2-5 (both weight groups), 6-11 year olds (healthy weight only), and adolescents aged 12-19 (both weight categories). Significant declines in non-discretionary calories were observed for children aged 6-11 and adolescents aged 12-19 who were at a healthy weight. Across the study period overweight/obese adolescents consumed fewer non-discretionary calories than their healthy weight peers 
Discussion and Conclusion
This paper examined trends in consumption of discretionary calories -SSBs, salty snacks and sweet snacks, which comprise a considerable portion children's diet -by age, body weight category and race/ethnicity (excluding individuals with diabetes or who were pregnant at the time of the survey). We found that the number of calories from SSBs declined significantly from 2003 to 2010 for nearly all age groups regardless of body weight and that the number of calories from salty and sweet snacks remained constant for all groups over the period. Still, levels of SSB and snack consumption from 2003-2010 are unacceptably high.
Interestingly, further stratification by race/ethnicity within each age and body weight category presents a more complicated story for the trends in SSB and snack consumption. The near uniform declines in calories from SSBs appear to be driven by different race/ ethnicity groups, depending on the age of the children. For example, among overweight or obese children, significant declines in the number of calories from SSBs were only observed among Hispanic children aged 2 to 5 and white adolescents aged 12 to 19 while significant declines in the number of calories from salty snacks were only observed among overweight or obese white children aged 2 to 5 and aged 6 to 11.
Also notable is the finding that white adolescents aged 12 to 19 who were overweight or obese were the only sub-group to demonstrate a significant decline in total calories over the study period and lower caloric intake than their healthy weight counterparts in the most recent study period. In other words, heavier white adolescents appear to be eating fewer calories overtime and currently eat fewer calories than healthy weight white adolescents, suggesting that messages about reducing SSB consumption may be reaching this group most effectively.
The findings related to trends in discretionary (SSBs and snacks) versus non-discretionary (all else) calories are also interesting. The results suggests that healthy weight children age 6 and older are reducing calories from all calorie sources (discretionary and non-discretionary) Bleich whereas most overweight/obese children are concentrating their dietary changes on discretionary calories from SSBs and snacks. Generally, the implication is that messages about reducing consumption of SSBs and other discretionary calories from snacks appear to be reaching the nation's youth.
Like other studies (5, 7-9, 16), these results also indicate declines in calories from SSB overtime. However, unlike prior estimates which did not include age-specific body weight categories or age and body weight-specific race/ethnicity groups, we observed considerable variation in the trends of SSB consumption. Also unlike earlier work which suggests that calories from salty and sweet snack consumption has increased considerably overtime (10), we did not observe a positive trend among any sub-group included in the analysis. In fact, we observed declines in consumption of calories from salty snacks among overweight and obese children aged 2 to 5 and 6 to 11 as well as healthy weight children aged 12 to 19. This may, in part, be related to differences in the definitions of snacks and time frame of our analysis compared to prior ones.
Considerable attention has focused on policy and environmental changes which may have contributed to the recent decline in calories from SSB and flattening of calories from snacks from 2003 to 2010. Consumption of snacks and beverages may also be influenced by changes in the school setting. Namely, from 2000 to 2006, the percentage of school districts prohibiting vending machines offering high-calorie, low-nutrition foods and beverages increased; schools selling water in vending machines or school stores increased; and schools selling cookies, cake, or other high-fat baked goods in vending machines or school stores decreased (17) . In addition, USDA requires that schools participating in the National School Lunch Program make plain drinking water available to students at no cost during the lunch meal periods at the locations where meals are served (18) . Generally, research shows that schools are making some progress in in improving the school food environment (19) . In addition, the Child Nutrition and WIC Reauthorization Act of 2004 (Public Law 108-265) "strongly discourages" marketing of low-nutrition foods and beverages at school (20) . With respect to SSBs, there has been a significant reduction in exposure to SSB advertising on television among children from 2003 to 2009 (21) as well as in students' access to soda in schools (22) . In addition, dozens of advocacy organizations and health departments around the country have had very active media campaigns to discourage SSB consumption (23).
Because we use cross-sectional data, the drivers of the observed declines in SSB consumption, leveling of the trends in snacking, and how these patterns differ among the sub-populations included in this analyses are unknowable from these data. More research is needed to understand whether policies or environmental changes are differentially impacting certain groups as well as other important drivers of these patterns among age, body weight and race/ethnicity -specific sub-populations.
The present study has several limitations. First, our reliance on single 24-hour dietary recalls may introduce inaccuracy and bias to our analyses due to: underreporting, unreliability, and conversion error. Previous research indicates that adults underreport their dietary consumption by approximately 25% (24, 25 recall, with respect to overall eating habits, will reduce the precision of our estimates but it will not bias our regression estimates where total energy intake is the dependent variable (26) . Inaccuracy exists in the conversion of reported beverage consumption to energy intake because the assumptions on serving size and food composition are defined by the food and nutrient database. Second, the NHANES data are cross-sectional, which only allows us to address associations rather than causality. Third, our inclusion of low calorie beverages in the SSB category may bias our results related to energy intake towards zero. However, only a small fraction of all the beverages in the SSBs category are low calorie, so we do not expect this to significantly impact the results. Fourth, our use of age and body weightspecific race/ethnicity groups may have reduced the power to detect differences overtime. Fifth, there may be differences in the reporting of dietary intake among various age or weight sub-populations. Sixth, dietary recall for children under 12 is reported by main meal planner which may lead to some under-reporting for this group.
To conclude, the uniform or near uniform declines in SSB consumption observed in prior research are not consistent when children are examined within smaller sub-groups which account for their age, body weight and race/ethnicity, suggesting that averages may be masking important differences among sub-populations. Also unlike prior research, these results suggest a leveling (rather than increase) in calories from snacks among children. Even with declines in SSB consumption observed among some groups and a leveling of snack consumption among most children groups, efforts to reduce youth consumption of discretionary calories from SSBs and snacks should remain at the forefront of obesityrelated policy efforts as current levels remain unacceptably high among all children.
What's Known on This Subject
• Discretionary calories from sugar-sweetened beverages and snacks make up a considerable portion of children's diet and are associated with increased body weight.
• Consumption of SSBs appears to be declining and consumption of snacks appears to be increasing.
What This Study Adds:
• This study provides up-to-date trends on SSB and snack consumption by agespecific weight categories and by age-and weight-specific race/ethnicity categories.
• The decline in SSB and leveling of snack consumption are not uniform; for example, among overweight or obese children, significant declines in the number of calories from SSBs were only observed among Hispanic children aged 2 to 5 and white adolescents aged 12 to 19.
• Efforts to reduce youth consumption of SSBs and snacks should remain at the forefront of obesity-related policy efforts as current levels are unacceptably high among all children. Per capita discretionary and non-discretionary calorie intake, NHANES 
